Patients with mild gallstone pancreatitis may undergo an early laparoscopic cholecystectomy (LC) within 48 hours of hospital admission without awaiting the normalization of pancreatic and liver enzyme levels. This may decrease the hospital stay without increasing morbidity or mortality and may minimize the unnecessary use of endoscopic retrograde cholangiopancreatography.
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Because most of the offending stones are passed into the feces, the ensuing pancreatitis is generally mild and can often be managed supportively. 2 To prevent further episodes, elective laparoscopic cholecystectomy (LC) is routinely performed during the same hospital admission to remove the source of calculi. The time to surgery after admission, however, is still greatly debated.
Historically, the symptomatic management of gallstone pancreatitis involved the delay of a cholecystectomy until the normalization of laboratory values and the resolution of abdominal pain. 3 Ranson's earlier articles 3, 4 in the era of the open cholecystectomy investigated the timing of biliary surgery in mild (Ͻ3 Ranson signs) and severe (Ն3 Ranson signs) pancreatitis. He concluded that "definitive correction of cholelithiasis should usually be carried out as soon as evidence of acute pancreatitis has resolved" 4(p661) to avoid exacerbating the severity or recurrence of disease. Recent evidence, with the introduction of laparoscopic surgery, has suggested that patients with mild gallstone pancreatitis, which comprises 80% to 90% of all patients with gallstone pancreatitis, may be better served with earlier intervention. 5 Two previous studies 5, 6 from our institution demonstrated that, in patients with mild gallstone pancreatitis, an LC could be safely performed within 48 hours of admission regardless of resolution of abdominal pain or normalization of serum enzyme levels. This approach resulted in a significant decrease in length of hospitalization without increasing complications. 5, 6 There remains continued concern, however, that prediction of mild pancreatitis is uncertain and that some patients may incur an exacerbation of their disease as a result of early operative intervention.
To further address these concerns and to minimize the possible bias of a single-institution study, we set out to expand our database by collecting patient data from 2 university-affiliated urban medical centers during a 5-year period, with the goal of reaffirming the results of our previous, more limited investigations. Hospital lengths of stay, perioperative complications, and readmission rates were examined to determine the efficacy and safety of an early LC in patients with mild gallstone pancreatitis.
METHODS
Our study included patients from 2 UCLA School of Medicineaffiliated institutions that are both public teaching hospitals: Harbor-UCLA Medical Center in Torrance, California, and Olive View-UCLA Medical Center in Sylmar, California. Institutional review board approval for our study was obtained from the Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center.
A retrospective review was performed that included all patients who underwent an LC for the indication of gallstone pancreatitis during the period from 2006 to 2011. Patients were diagnosed with gallstone pancreatitis if they had (1) midepigastric or right upper quadrant abdominal pain, nausea, vomiting, or abdominal tenderness; (2) no history of ethanol use; (3) elevated serum amylase and/or lipase levels to at least 3 times the upper limit of normal; and (4) the presence of gallstones on an ultrasonographic or computed tomographic scan. Mild pancreatitis was defined as (1) the presence of fewer than 3 Ranson criteria on admission; (2) the patient being admitted to a nonmonitored ward bed; (3) the absence of acute cholangitis defined as the patient having a temperature greater than 38.6°C, hyperbilirubinemia, and right upper quadrant pain and tenderness or purulence seen during endoscopic retrograde cholangiopancreatography (ERCP); (4) the absence of significant signs of hypovolemia, which is defined, at hospital admission, as a serum urea nitrogen level of greater than 15 mg/dL (to convert to millimoles per liter, multiply by 0.357) and a heart rate of 110 beats/min or less; and (5) low suspicion for retained common bile duct (CBD) stones, which is defined as no CBD stones seen on an ultrasonographic scan, in conjunction with a total bilirubin level of less than 4 mg/dL (to convert to micromoles per liter, multiply by 17.104).
Patients were excluded (1) if they demonstrated severe pancreatitis, which is defined as having 3 or more Ranson criteria at hospital admission; (2) if they were suspected of having concomitant acute cholangitis; (3) if they showed evidence of choledocholithiasis, as demonstrated by a total bilirubin level of 4 mg/dL or greater or by the presence of CBD stones on ultrasonographic scan; (4) if they were admitted to a monitored unit; or (5) if they showed evidence of marked dehydration, which is defined, at hospital admission, as a heart rate of greater than 110 beats/min or a serum urea nitrogen level of greater than 15 mg/dL. Patients were also excluded if they showed evidence of acute cholecystitis on an abdominal ultrasonographic scan, including a sonographic Murphy sign, pericholecystic fluid, and/or gallbladder wall thickening. Patients who had a final pathologic diagnosis of acute cholecystitis were similarly excluded.
The demographic data collected included age, race, and presence of medical comorbidities (including coronary artery disease, diabetes mellitus, and renal failure). Vital signs at presentation, laboratory values, and findings from abdominal ultrasonography were also noted. The outcome data collected included the timing of the operative intervention, defined in terms of days after admission; the length of hospitalization; the incidence of conversion to open cholecystectomy; and the presence of CBD stones during preoperative and postoperative ERCP.
Given the retrospective nature of our study, it was not possible to ascertain the indications for preoperative and/or postoperative ERCP in every patient. However, as a general rule, the vast majority of preoperative ERCPs were performed for persistent elevation of the total bilirubin level and/or a dilated (Ͼ1 cm) CBD. Postoperative ERCP was performed because of either elevated pancreatic and liver enzyme levels determined by use of postoperative liver function tests or the existence of a filling defect determined by use of intraoperative cholangiography, which is routinely performed at Harbor-UCLA Medical Center but not at Olive View-UCLA Medical Center, for all patients with a diagnosis of gallstone pancreatitis at admission.
For purposes of analysis, patients were divided into 2 groups according to the timing of the LC. Patients who underwent an early LC (performed within 48 hours of admission) were compared with patients who underwent a delayed LC (after 48 hours). The primary end point was length of hospitalization. Secondary end points were the use of ERCP, the incidence of conversion to open cholecystectomy, the presence of major complications requiring a secondary intervention, and the need for readmission within 30 days.
Patient data were entered into an Excel database (Microsoft Corp) and translated into a native SAS format using DBMS/ Copy (Dataflux Corp). Descriptive statistics were calculated for all variables. When comparing the early vs the delayed group, normally distributed continuous variables are reported as means with 95% CIs, whereas non-normally distributed continuous numerical variables were compared using the nonparametric Wilcoxon rank sum test and are reported as medians with interquartile ranges. For the primary outcome of interest (ie, length of hospital stay), both the mean and median lengths of stay are described. To identify whether there were differences between the early vs delayed cohorts with respect to the incidence of the use of ERCP, conversion to open cholecystectomy, complications, and readmission, the 2 test or the Fisher exact test were used, as appropriate. PϽ.05 was considered statistically significant.
RESULTS

PATIENT CHARACTERISTICS
During the study period, 396 patients with gallstone pancreatitis underwent an LC. In total, 93 patients (23.5%) were excluded, including 72 patients (18.2%) with a total bilirubin level of 4 mg/dL or greater, 53 patients (13.4%) with an elevated serum urea nitrogen level, 12 patients with severe pancreatitis (3.0%), 7 patients (1.8%) with a heart rate of more than 110 beats/min, and 6 patients (1.5%) with a diagnosis of concomitant cholangitis, leaving 303 patients for analysis. Several patients had more than 1 exclusion criteria. Of the 303 patients included, 122 were treated at Harbor-UCLA Medical Center, and 181 were treated at Olive View-UCLA Medical Center.
None progressed to severe pancreatitis or required transfer from a nonmonitored to a monitored bed. The mean age was 37 years, and 78.2% were female patients. All patients underwent an LC during the index hospital admission. An intraoperative cholangiogram was performed for 116 patients (38.3%).
EARLY VS DELAYED LC GROUPS
Of the 303 patients, 117 (38.6%) underwent an early LC, and 186 (61.4%) underwent a delayed LC. A comparison of the demographics is shown in Table 1 . There were no significant differences between the early and delayed LC groups with respect to sex, laboratory results at admission, vital signs at admission, or Ranson score at admission. The early LC group was slightly older than the delayed LC group (35 vs 40 years; P = .006) ( Table 1 ). The most common reason for delay in LC was awaiting normalization of bilirubin or pancreatic enzyme levels, and this was secondary to surgeon preference.
PRIMARY END POINT
For the early LC group, the median length of hospital stay was 3 days (interquartile range, 3-4 days), and the mean length of hospital stay was 3.4 days (95% CI, 3.1-3.8); for the delayed LC group, the median length of hospital stay was 6 days (interquartile range, 4-7 days), and the mean length of hospital stay was 6.3 days (95% CI, 5.9-6.6) (PϽ .001).
SECONDARY END POINTS
There were no differences in mortality rates (0%) or complication rates (4.2% in early LC group vs 4.8% in delayed LC group; P = .99), in readmission within 30 days (3.4% in early LC group vs 1% in delayed LC group; P=.20), or in conversion from LC to open cholecystectomy (2.5% in early LC group vs 7.5% in delayed LC group; P=.80) ( Table 2) . Complications in the early LC group included urinary tract infection, CBD leak, recurrent pancreatitis, choledocholithiasis, and postoperative pain. In the delayed LC group, complications included intraoperative hypotension, cystic duct leak, presence of pancreatic pseudocyst, CBD leak, wound infection, and recurrent pancreatitis.
Use of ERCP was significantly higher in the delayed LC group than in the early LC group (27.4% vs 16.2%; P=.02). Preoperative ERCP use was higher in the delayed LC group than in the early LC group (6% vs 17%; P=.004), whereas there was no difference between groups in the use of postoperative ERCP (10.3% vs 10.2%. P=.99) ( Table 2) .
COMMENT
To our knowledge, the present retrospective study of 303 patients at 2 university-affiliated institutions is the largest to date to analyze the timing of early LC in mild gallstone pancreatitis. The primary finding was that patients who underwent an early LC had a significantly decreased median length of hospitalization compared with patients who underwent a delayed LC. The decrease in length of hospital stay was achieved without an increase in adverse outcomes. Complication rates and early readmission rates were similar, as were the rates of conversion to open cholecystectomy and the use of postoperative ERCP.
The timing of a cholecystectomy in gallstone pancreatitis remains controversial. In the era of open cholecystectomy, Kelly and Wagner 7 demonstrated that an early cholecystectomy (Ͻ48 hours after admission) worsened outcomes in patients with severe pancreatitis. In patients with mild pancreatitis, there was no difference between an early and delayed open cholecystectomy. The authors concluded that, because early removal of the gallbladder does not impact the progression of the disease and because patients with severe pancreatitis have significantly higher morbidity and mortality with early intervention, an operation should only be performed after the "pancreatitis had subsided." 7 As a result, surgeons have historically delayed cholecystectomy in all patients with gallstone pancreatitis.
More recently, in the era of LC, several studies have shown that delaying surgery in patients with mild pan- creatitis may be unnecessary. Taylor and Wong 8 compared 2 groups of patients with mild gallstone pancreatitis who underwent an LC performed by 1 of 2 surgeons. Surgeon 1 delayed surgery until the resolution of abdominal pain and the normalization of enzyme levels, whereas surgeon 2 proceeded to LC as soon as the serum amylase level began to decrease and the abdominal pain began to lessen. The finding of this study 8 of 46 patients was that an earlier LC, performed once the serum amylase level began to decrease and once the abdominal pain began to lessen (but not yet normalized), resulted in a significant decrease in the length of hospital stay, from 4.7 to 3.5 days, without an increase in complication rates (10% vs 11%; P = .12). Our observational retrospective and prospective trial 5 from Harbor-UCLA Medical Center reported similar findings. The study 5 compared 177 patients (retrospectively reviewed) who underwent a delayed LC with a prospective group of 43 patients who deliberately underwent an early LC. The length of hospitalization in the early LC group was reduced from 7 to 4 days (PϽ.001) without an increase in complications (4.5% vs 4.8%; P = .70). 5 Our subsequent prospective randomized trial 6 compared 25 patients who underwent an early LC with 25 patients who underwent a cholecystectomy following resolution of symptoms and normalization of laboratory values. Again, the mean length of hospital stay was reduced to 3.5 days, from a mean of 5.8 days, with no difference observed in perioperative complication rates. 6 Despite the growing evidence supporting the safety and efficacy of an early LC in the management of mild gallstone pancreatitis, concerns remain with regard to the safety of this approach. One issue is whether mild gallstone pancreatitis can be accurately predicted at admission because calculating the total Ranson score requires 48 hours. Studies 9,10 have suggested that from 5% to 10% of patients with presumed mild pancreatitis progress to severe pancreatitis during their hospitalization. A policy of early LC might result in increased morbidity and mortality in a patient misidentified as having mild pancreatitis who then progresses to more severe disease. It is important to note that, in the present study, which spanned 5 years and included 303 patients at 2 institutions, no patient with mild pancreatitis progressed to severe pancreatitis. We believe that the safety of an early LC lies in the identification and exclusion of patients who may be at risk of progressing to a more severe pancreatitis, such as those with tachycardia, elevated serum urea nitrogen level, or evidence of cholangitis at hospital admission. Our previous study 11 has verified the utility of these criteria in predicting mild pancreatitis. It is worth noting that, in the present study, more than 75% of the patients admitted were eligible for an early LC following application of these exclusion criteria.
Another concern is that an early LC may lead to a higher incidence of postoperative ERCP. In gallstone pancreatitis, most CBD stones pass within 48 to 72 hours of admission. 2 Performing an LC, along with an intraoperative cholangiography, too early might result in a higher rate of detection of CBD stones that would otherwise have passed harmlessly into the duodenum. In one of the previously cited studies, 6 there was no difference in the percentage of ERCPs performed between the early and delayed LC groups (6% in early LC group vs 4% in delayed LC group; P =.38). The present study also demonstrates no difference between early or delayed LC in the necessity for postoperative ERCP. Interestingly, the overall rate of ERCP was significantly less in the early LC group compared with the delayed LC group, owing to increased use of preoperative ERCP in the delayed group. Given the similar complication rates in the 2 groups, this latter finding suggests that many of the ERCPs performed in the delayed LC group may have been unnecessary. The results of our study, in conjunction with our previous investigations, provide further validation that an early LC (within 48 hours of admission) for mild gallstone pancreatitis can safely be performed without the need for normalizationoflaboratoryvaluesorcompleteresolutionofclinical symptoms. Provided patients are carefully selected, this strategy will not increase the rates of complications, the rates of readmission, the need for conversion to an open cholecystectomy, or the need for ERCP. As such, our opinion is that the policy of delaying an LC for normalization of laboratory values is unnecessary and that an early operation is safe and should be the preferred approach.
